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ORBITING S_LLI_E SURFACE II_4PERATURE

PREDICTION ND ANALYSIS

I. Introduction

Temperature prediction of slmcecraft orbiting the moon, earth or

other planets is an essential Manned Spacecraft Center capability.
Existing methods _+ was found, however, were either too simplified or
s_ecialize_ fur _ requirements. A contract was, therefore, let with

Midwest Research Institute in Kansas City, Missouri, t_ a cOml_uter
pr___termine spacecraft heat !oads and/or th_n_s-ien% +
temperature_ W-WTlm--cr_T_%_e mo6n, earth or other planets. It is this
computer-_rogram, which has recently been completed, that I 'd like to

introduce. _qle con__u_r program is written for the IBM 7094 computer
and is ._nthe Fortran IA-i_ge. ............

If. Spacecraft Thermal Balance

First to give some insight into what are some of the major con-
siderations in determining the thermal balance of an orbiting spacecraft:
figure 1 shows the principal external heat loads. The q sun represents
solar thermal radiation coming from the sun and directly impinging
upon the vehicle. The q albedo represents that quantity of solar
radiation from the sun that is reflected off the planet being orbited

and then impinging upon the orbAting vehicle. Lastly, the q planet
is that thermal radiation from the planet orbited that impinges upon
the vehicle.

When the vehicle is on the far dark side of the planet, however,
it can be seen that the vehicle would not receive any q sun or q albedo;
therefore another consideration is the sun-shade points.

Ill. Ma_or Features add Capabilities

Before preceeding further with the fundamentals of the program,
however, I would like next to outline some of the major features and
capabilities of the program. They are as follows:

1. The program has the capability of handling up to 200
clots; each has its own thickness, initial temperature, add thermal

2. The program also has the capability _o consider eight
differen_ ++C+O@,._I'I_+.+aIML+_,_!'!+_.d:l+P_+gX"_.n+_,+9<,+ubstratmmaterials+. T_ermal
properties of each may be temperature dependent. ........
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9. A spinning or fixed Malllcle orientation my be considered.
The fixed orientation may be with respect to the sun or the planet
being orbited.

4. Internal heat may be considered as a function of time.
The program has t_-_g_lty to handle eight different internal
heat tables.

_. Co_£nt or variable planet temperatures cry be con-
sidereal. This feature is a most important consideration for a luDa_

orbital mission. The significance will be shown later for a hypotketical _:
lunar mission.

IV. Assumptions !

f
In order to meet the projects objectives, it was necessary to

introduce certain simplifying assumptions. I feel that it is worth-
while at th_i_F__'t_se _a_ssumptionsfor it is up to
each individual user or _otential user to evaluate the validity of
the assumptions for each intended application.

i. Conduction between elements, and convection between
the vehicle and its surroundings are neglected. When MSC feels con-
duction between elements could be a si_niflcant factor, the program
is used only to compute the incident heat loads and then these
outputs are loaded as input into a transient conduction type program.

2. No radiant interchange between elements is considered.

9. All thermal radiation is considered to be diffused.

_. The vehicle's absorptivity to reflected solar radiation
is assumed to be equal to the vehicle's absorptivity to direct solar
radiation.

5. Internal heat is assuaed to be untforml_r distributed
over the ele:ent.

6. The solar constant is assumed to be independent of the
vehicle's orbital position. 07. On the sunlit side of a variable _npersture planet,
the planet surface tm_rature is assumed to vary acccrdiz_ to Laabert,s t
cosine law. The planet temperature on the dark side of a variable lteapersture planet is, however, assumed constant.

I
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V. Celestial Mechanics

So far nothing has been said about input data. A general outline

of the type input required shall therefore be presented next. It is
believed that the input is quite simple and I_-_--_

To compute the heat loads to an orbiting vehicle, four bssic

questions mus---t'_6ns_dered_. " They are: .... •.............

I. What is the location of the vehicle surface element on
the vehicle?

2. Where is the vehicle with respect to the planet being
orbited?

3- What is the celesti_l location of the vehicle with

respect to space?

4. _hat is the sun's location with respect to the planet
being orbited?

Vehicle Coordinate System
|

The first question is not applicable to a spirting satellite;
hovever, for an oriented vehicle, the incident heat flux can vary

considerably from one surface position to another. For example,
looking at figure 2, the element on the zide of the planet oriented
vehicle shown in the upper left hand corner receives radiation from

the planet wheI_as _he element on top does not. Consequently, a
system to answer the first question (What Is the 1.ocatlon of element
analyzed? ) is required for the thermal ar_lysis of an oriented
,_ehicle.

A meaningful vehicle coordinate system is set up by replacing

in_M_ -rI_t_a-_ corner of f_gu_e-_. -_g _elemen-_son the
sphere are selected so they have the same space orientation as the

corresponding vehicle elements.

For a planet or moon oriented vehicle, the surface positions on
the sphere are defined with respect to the coordinate system illustr_ted
in the lower left hand corner of the figure. For the sun oriented
case, the surface positions on the sphere are defined with respect to
the coox_linate system iIAustrated in the lower riKht hand corner.

For a fixed orientation, the surface e%emente locstion is defined by
the angles-'_ and ' as shown s_d are required input data for each
element. This system can be likened to defining a position on es_
where any position on earth can similarly be defined by giving the
pr_,,_r longitude and latitude.

i
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..,.l_t Coord_... s_te=
j -J L

Before the _=pi_i_ heat loads emitt_-_ or reflected by the planet
can be cap.ted, the second question (W__ t_te vehicle vith respect
to the planet being orbited? ) ==st be answered. The answer to this
q_-_q_i_ l_e-obt_e_ _in term of the planet coordinate syste= shown

figure _, using Kepler's equations. The input required by the
program to com_u_r-_rna_--t_ 'vehicle's position with respect to the
planet consist only of the sdmJ-ma_or axis (a), seml-minor axis (b) of
the orbital ellipse and the true anomaly (_,)at the initial time. The
three vLriables are shown in the top right hand corner of the slide which
shovs the orbit rotated into the plane of the screen, and the Xp and Yp
axes superimposed onto the orbit plane. As shown for a spinning or fixed
orientation, the planet coordinate system is the same.

Celestial Coordinate System

The third question (What is the celesulal location of the vehicle

with respect to space?_ involves defining the ,_,__t.with reSl__...Ct._to
s_ This question can be answered in ter_ o£ the celestial
coordinate syst_n. The vehicAe's orbit can be conventionally related to
the celestial coordinate axes by three angles which are required input
data. These angles are shown in figure 4 where -_,.is the right ascension
of the ascending node, -' is the arg_nent of perifocus, and - is the
inclination of the orbital plane.

An_ reference system could have been selected for the celestial
Coordinate system; however, the b_sis of selection Ms that it be com-
patible with standard astron_nical references to minimize input data
c_npilation time and effort. With this as a criteria for selection of

heliocentric .a_ the __,_ere,.c_n=_-, t_las_ibe orb i_iabout
_eart_ a__ o_he_ than earth, and the moon res4_ctively.

For earth and planets other than earth, the two celestial
ccordinate systems used are pictured in figure _.

For the m_m the third celestial coordinate system selected
is illustrated by figure 6.

S_ 's .Position

The only question that re_ins now to be answered is: What Is
the location of the sun with respect to the planet being orbited?

'A'_| _._._._l_.._.._r'mB of two ez_l.es, the r_ht ueenalon
of

f ', ure7.
Since we were careful in our selection to choose a celestial

coa_dtnate system that would be compatible wi_h ste_d astroDamtcal
references, we can obtain fro_ _he Ephe_erus the l_A and I_C for the
Noon, e_rth or any other planet for an_ particular date.
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VI. Hypothetical Test Case

Case I

A hypothetical lunar mission was run using the described program.

For.-tb_s_IQ__&jtic_Ll_..]_naz._c_bl_ l_i_l;_ig___ s_I__ceqraftW_s__P_l_Lnet
orlen_ed and o__i_.p._..t surface temperature feature of the

__used.program_was ' The mission da__seiec_e_l in oiAder'tl_Atthe sun
would be very near to being in the orbital plane.

Pertinent orbit data consisted of the following:

Altitude i0 I_ to 190 I_4.

Inclination = 13°.

Right ascension of ascending node = .87°.

Argument of perifucus 270 °.

T1_e anomaly at initial _ime = 0°.

The temperature time hlstory ..0fdiffcr_tl.v.,orlentc_i and painted
surface element_s'_v__e_ in_eresting characteristics.

The results shown in figure b, a white element cools initially

even though it is almost facing directly into the sun. A similarly
oriented black element • shown in the same slide, however, rises to a

peak at = 60°, then gradually drops as it _urns away fro,,,the sun.
This is true since the white element reflects a considerable amount

of solar energy, whereas the black energy will absorb the majority
of solar radiation that _mpinges upon its surface.

In the next figure (9) the temperature curves of a blac_ "
and white element facing the monn are very similar since black
and white elements absorb long wavelength radiation almost equally.

Also of interest shown in the figure is the h_p in the black element's
curve at about = I00° and : = _60 °. This is caused by the fact that
both elements are briefly irradiated by the _,unJust before entering
the moon's shadow and Just after leaving, its shadow. However, the

hump shows up only in the black element's c_ve since it absorbs the
solar radiation more readily.

Comparison of both black elements in figure I0 reveals at
= O° the element facing the moon • is almost as hot as the element

facing away from the moon and almost l_klmg directly at the sun.
This demonstrates _hat at low lu_r orbits, the _l_net he_t can be
as significant a_ _olar he_t.
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Case Ii

Finally, t,olearr_ L_e erl'ecb_ of not, co_Jd_rjnd 1,1_h,)O)k'_

surface temperatm.e grl_11ent, a similar run was made or'Case I,
however, this time the moon w_ taken as a constant temperaUwe planet..
The results shown in the fin_l figure {Ii) reveal the "con:_t_.ntmot3n

_amperature" curve A Js a flat curve that averages out the ri_ximu_,,

and mlnlm_a peaks of the "variable moon temperature' c:u_-ve O. As you
can see, we have a significant variatlc:: (abo_Jt lO0°R) caused oy n_g-
lectlng the moon's surface teml_rature gradient. Thes(: re,,u_(,o L;_:,i'ir,_
the importance or' the variab.lu planet tt:m)£i'_Itin'v, ixa.+tLud ]n ai_ljy_Ix,_
lunar mission_;.

Ht)i)_.tt A. V()).:L

I

1966025140-109



A J

1966025140-110



ELEMENT NO 2 FLf, M[NT NO 2'
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ELEMEN.T f',l© 1 //-,-"-t"3,

..._._., ,:__No _' o .

. ._.._*"_;e,_m:,_.1_ . I ......
TYPICALVEHICLE MATHEMATICALMODEL OF TYPICALVEHICLE

\

MATHEMATICALMO-'DEL(PLANET-ORIENTED) MATHEMATICALMODEl. (SUN- ORIENTED)

Fig. 2 - Vehicle Coordinate System for a Typical Spacecraft
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Jig. 3 - Planet Coordinate Systems for Spinning and Oriented Vehicles
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NOTE: THE XcYc PLANE IS THE

X C CELESTIALIIEIFEIIENCEPLANE

CELESTIALREF. LINE b

Fig. 4 - Relationship between Orbit and General

Celestial Coordinate System
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Zc _ ECLIPTIC PLANE

PLANET

NOTE: EARTH'S XcYcAXES LIE IN ITS EOUATORIAL PLANE
PLANET'S Xc Yc AXES ARE PARALLEL TO THE ECLIPTIC PLANE

i ill

Fig. 5 - Celestial Coordinate System for Earth (Geocentrlc)

and Other Planets (Modified Heliocentric)
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Fig. 6 - CelestialCoordinateSystemfor the Moon (Selenographie)
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(A p_N_r,EAITN,Oa MOON) _ SUBSOLAR POINT

VEHICLE ORBIT •
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Fig.7 - Sun'sPositionRelativeto the CelestialCoozdlnateSystem
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